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1 INTRODUCTION 
1.1 Background 
In recent years, the Midwest Pooled Fund Program has been developing a non-proprietary, 
high-tension, cable median barrier in conjunction with the Midwest Roadside Safety Facility 
(MwRSF). The barrier was to be developed for placement anywhere within a 6H:1V V-ditch, as 
well as to satisfy the Test Level 3 (TL-3) evaluation criteria of the Manual for Assessing Safety 
Hardware, Second Edition (MASH 2016) [1]. The most recent design prototype was a four cable 
system supported by Midwest Weak Posts (MWPs) [2], as shown in Figure 1. 
 
Figure 1. Current Cable Median Barrier Prototype 
Development of the cable median barrier has progressed through multiple crash tests in 
accordance with MASH 2009 and 2016 TL-3 [1, 3]. Note that there is no difference between 
MASH 2009 and MASH 2016 test designation nos. 3-10 and 3-11 for longitudinal barriers, 
including the cable barriers studied in this research, except that additional occupant compartment 
deformation measurements are required by MASH 2016. 
Full-scale testing and evaluation with a 1500A mid-size sedan and 2270P pickup trucks 
resulted in satisfactory system performance [4]. However, full-scale crash testing with the 1100C 
small car has resulted in the top of the post tearing the vehicle’s floor pan and penetrating into the 
occupant compartment as the vehicle overrode various system posts [5]. 
Review of the test vehicles and high-speed videos revealed that the tears were caused by a 
combination of the post’s weak-axis bending strength and cross-sectional geometry. The strength 
of the post, specifically the elastic restoration force of the MWP, caused the top of each overridden 
post to press up against the undercarriage of the vehicle. The cross-sectional geometry of the MWP 
contained free, or exposed, edges that transmitted the post contact forces into the floor pan and 
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ultimately resulted in scraping, gouging, and tearing. These tears were deemed penetrations into 
the vehicle’s occupant compartment and prevented the full-scale crash tests from satisfying the 
MASH 2009 safety criteria. Therefore, modifications to the MWP were needed to prevent 
penetration into the occupant compartment. 
In a previous research study, modifications, including edge rounding, steel plate edge 
protectors, and post weakening techniques, were investigated [6]. Three different weakening 
patterns were evaluated: (1) ¾-in. (19-mm) diameter holes; (2) three ⅜-in. (10-mm) diameter 
holes; and (3) ⅜-in. x 1⅛-in. (10-mm x 29-mm) slots. All three weakening patterns demonstrated 
the ability to reduce the propensity for floor pan tearing. However, additional bogie testing of the 
posts resulted in significant reductions in strong-axis strength for the latter two weakening patterns. 
The ¾-in. (19-mm) diameter hole resulted in a 10 percent reduction in strong-axis bending 
strength, and thus, was recommended for further evaluation through full-scale vehicle crash 
testing. Moreover, the edge protectors showed promise to prevent tearing. The steel plate edge 
protectors welded at the top of the MWP successfully mitigated floor pan tearing as the free-edge 
side of the posts only created creases in the simulated floor pan. The tears that occurred in the floor 
pan during the test were the result of contact with the sharp corner in the continuous edge of the 
MWP, which was a result of a fabrication error. Therefore, these tears were not considered a result 
of the edge protectors, and the use of edge protectors was deemed an effective tearing mitigation 
method.  
The MWP with ¾-in. (19-mm) diameter weakening holes and rounded top edges was 
evaluated in accordance with MASH 2016 test designation no. 3-10 [7]. The modified cable barrier 
system adequately contained and redirected the 1100C vehicle with controlled lateral 
displacements of the barrier. However, floor pan tearing occurred, and the test was deemed 
unacceptable according to the MASH 2016 TL-3 safety criteria. Further investigation of post edge 
protectors and post weakening mechanisms may mitigate the risk of floor pan tearing. 
1.2 Objectives 
The objective of the research described herein was to mitigate the propensity for vehicle 
floor pan tearing observed in full-scale vehicle crash tests of a prototype cable median barrier. This 
objective was accomplished by evaluating modifications made to the MWP utilized in the current 
cable median barrier prototype. 
1.3 Scope 
The research objective was achieved through completion of several tasks. Modifications, 
including post weakening mechanisms and edge protectors, were investigated and evaluated 
through dynamic component testing with a surrogate vehicle equipped with a simulated small car 
floor pan. Next, conclusions and recommendations were made pertaining to potential post 
modifications to mitigate floor pan tearing. 
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2 COMPONENT TESTING CONDITIONS 
2.1 Purpose 
Dynamic component testing has demonstrated that post weakening and edge protectors can 
mitigate the propensity for guardrail posts to tear or penetrate a vehicle’s floor pan [6]. The 
weakening holes were placed on the upstream and downstream flanges of the MWPs to maximize 
weakening along the longitudinal barrier axis, or about the post’s weak-axis, while minimizing 
their effect on the strong-axis bending strength of the post. Moreover, the edge protectors at the 
top of the post were deemed an effective tearing mitigation method. Therefore, the effects of the 
combination of edge protectors and post weakening needed to be quantified through dynamic 
component testing.  
2.2 Scope 
A total of five bogie tests were conducted in order to evaluate the propensity for floor pan 
tearing associated with post modifications. Each test involved two posts being impacted and 
overrun by a bogie vehicle equipped with a simulated car floor pan. The posts within each 
individual test were identical in both configuration and orientation. The posts were spaced 8 feet 
(2.4 m) apart and were offset 4¼ in. (108 mm) laterally so that the posts contacted the simulated 
floor pan independently. The posts were installed in either an 8-in. (203-mm) diameter hole cored 
into the tarmac or an 18-in. (457-mm) hole augured into a soil test pit, and the post was then driven 
in the center of the hole. Both hole types were backfilled with soil compacted to MASH 2016 
specifications. The posts were oriented at a 0-degree angle, thus creating an impact about the post’s 
weak axis of bending, except in the last test, where the post was oriented at a -25-degree angle, 
thus representing the MASH 2016 impact angle of the cable barrier installed on the roadside 
instead of a median. The bogie vehicle impacted the posts at a height of 12 in. (305 mm) above 
the groundline at a targeted impact speed of 25 mph (40 km/h).  
Four different post configurations were evaluated. The first test was conducted on the 
MWP with ¾-in. (19-mm) diameter weakening holes and a 6-in. (152-mm) long, 3½-in. x 2½-in. 
x 3/16-in. (89-mm x 64-mm x 5-mm) thick steel tube cap mounted at the top of the posts. The other 
four tests were conducted on the MWP with 2⅛-in. x 1⅜-in. x 7-gauge (54-mm x 35-mm x 5-mm) 
bent steel plates as edge protectors mounted to the top of the posts. In the latter two tests, the MWP 
was also modified with ¾-in. (19-mm) diameter weakening holes.   
The dynamic test matrix is summarized in Table 1, and the test setups are shown in Figures 
2 through 23. Material specifications, mill certifications, and certificates of conformity for the 
posts and bogie floor pan material are shown in Appendix B.
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Table 1. Dynamic Testing Matrix 
Test 
Midwest Weak Post 
Soil or 
Rigid 
Sleeve 
Targeted Impact 
Conditions 
Speed 
mph 
(km/h) 
Height 
in.  
(mm) 
Angle 
(Deg.) 
Above 
Ground 
Height 
in. 
(mm) 
MWP Modifications 
Cap 
Edge 
Radius 
in. 
(mm) 
Cap 
Groundline 
Holes  
in.  
(mm) 
MWPFP-22 
39 
(991) 
⅝ 
(16) 
Steel tube cap 
Bolt 5 in. (127 mm) from top of 
cap Ø½ in.  (13 mm) connection 
bolt 
Ø¾ 
 (19)  
Soil 
25  
(40) 
12  
(305) 
0 
MWPFP-23 
39⅜  
(1000) 
⅝ 
(16) 
U-plates 
 ⅛ in. (3 mm) off post, bolt 3 in. 
(76 mm) from top of cap, Ø⅜ in. 
(10 mm) connection bolt 
NA Soil 
25  
(40) 
12  
(305) 
0 
MWPFP-24 
39⅜  
(1000) 
⅝ 
(16) 
U-plates 
⅛ in. (3 mm) off post, bolt 4 in. 
(102 mm) from top of cap, Ø⅜ 
in. (10 mm) connection bolt 
NA 
Rigid 
Sleeve 
25  
(40) 
12  
(305) 
0 
MWPFP-25 
39⅜  
(1000) 
⅝ 
(16) 
U-plates 
⅛ in. (3 mm) off post, bolt 4 in. 
(102 mm) from top of cap, Ø⅜ 
in. (10 mm) connection bolt 
Ø¾   
(19)  
Rigid 
Sleeve 
25 
 (40) 
12  
(305) 
0 
MWPFP-26 
39⅜  
(1000) 
⅝ 
(16) 
U-plates 
 ⅛ in. (3 mm) off post, bolt 4 in. 
(102 mm) from top of cap, Ø½ 
in. (13 mm) connection bolt 
Ø¾  
(19)  
Rigid 
Sleeve 
25  
(40) 
12  
(305) 
-25 
NA – Not Applicable 
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Figure 2. Double Post Dynamic Component Test Setup, Test Nos. MWPFP-22 and MWPFP-23 
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Figure 3. Double Post Dynamic Component Test Setup, Test Nos. MWPFP-24 through MWPFP-26 
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Figure 4. Modified MWP with Steel Cap and Weakening Holes, Test No. MWPFP-22 
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Figure 5. MWP with Weakening Holes Details, Test No. MWPFP-22 
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Figure 6. MWP Flat Pattern Details, Test No. MWPFP-22 
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Figure 7. Steel Cap Details, Test No. MWPFP-22 
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Figure 8. MWP with Steel Cap, Test No. MWPFP-23 
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Figure 9. MWP Details, Test No. MWPFP-23 
  
1
3
 
M
arch
 3
0
, 2
0
1
8
  
M
w
R
S
F
 R
ep
o
rt N
o
. T
R
P
-0
3
-3
5
9
-1
8
 
 
Figure 10. MWP Flat Pattern Details, Test No. MWPFP-23 
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Figure 11. Steel Cap Details, Test No. MWPFP-23 
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Figure 12. MWP with Steel Cap, Test No. MWPFP-24 
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Figure 13. MWP Details, Test No. MWPFP-24 
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Figure 14. MWP Flat Pattern Details, Test No. MWPFP-24 
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Figure 15. Steel Cap Details, Test No. MWPFP-24 
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Figure 16. MWP with Steel Cap and Weakening Holes, Test No. MWPFP-25 
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Figure 17. MWP with Weakening Holes Details, Test No. MWPFP-25 
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Figure 18. MWP Flat Pattern Details, Test No. MWPFP-25 
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Figure 19. Steel Cap Details, Test No. MWPFP-25 
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Figure 20. MWP with Steel Cap and Weakening Holes, Test No. MWPFP-26 
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Figure 21. MWP with Weakening Holes Details, Test No. MWPFP-26 
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Figure 22. MWP Flat Pattern Details, Test No. MWPFP-26 
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Figure 23. Steel Cap Details, Test No. MWPFP-26 
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2.3 Equipment and Instrumentation 
Equipment and instrumentation utilized to collect and record data during the dynamic 
component tests included a bogie vehicle, an accelerometer, a retroreflective optical speed trap, 
high-speed and standard-speed digital video cameras, and a still digital camera. 
2.3.1 Bogie Vehicle 
A rigid-frame bogie equipped with a simulated small car floor pan was used to impact the 
posts. The simulated floor pan consisted of a 120-in. x 23¾-in. (3,048-mm x 603-mm) sheet of 24-
gauge (0.61-mm) ASTM A653 steel. The sheet steel was mounted to the bottom of an 
undercarriage frame at a height of 8 in. (203 mm), which matched the height of the Kia Rio floor 
pans from the previous full-scale crash tests. The undercarriage frame was constructed from 3½-
in. x 3½-in. x ⅜-in. (89-mm x 89-mm x 10-mm) steel tubes and was bolted to the inside of the 
bogie vehicle’s frame. The front beam of the undercarriage frame was positioned in front of the 
simulated floor pan and shifted downward 1¾ in. (44 mm). This vertical offset prevented the top 
of the post from snagging on the front edge of the sheet steel, and acted as a stiff cross member of 
the vehicle’s undercarriage (e.g., frame element, axle, etc.) that caused the post to bend down and 
spring back upward toward the floor pan as the bogie overrode the top of the post. A 1¾-in. (44-
mm) square tube was bolted underneath and across the middle of the simulated floor pan to create 
a second location where the post would be pushed down and allowed to spring back upward. 
Photographs of the bogie vehicle are shown in Figure 24, while details of the simulated vehicle 
undercarriage are shown in Appendix A. 
The bogie impact head consisted of a 2½-in. x 2½-in. x ¼-in. (64-mm x 64-mm x 6-mm) 
steel tube mounted to the front of the bogie at a height of 12 in. (305 mm), measured to the center 
of the tube. A ¾-in. (19-mm) thick neoprene pad was wrapped around the tube to prevent local 
damage to the posts during the impacts. The weight of the bogie with the addition of the simulated 
floor pan, the mountable impact head, and accelerometers was approximately 2,400 lb (1,089 kg). 
A pickup truck with a reverse-cable tow system was used to propel the bogie to a target 
impact speed of 25 mph (40 km/h). When the bogie approached the end of the guidance system, it 
was released from the tow cable, allowing it to be free rolling when it impacted the post. A remote-
controlled braking system was installed on the bogie, allowing it to be brought safely to rest after 
the test. 
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Figure 24. Rigid-Frame Bogie with Simulated Floor Pan  
2.3.2 Accelerometers 
One environmental shock and vibration sensor/recorder system was mounted near the 
center of gravity of the bogie vehicle to measure the accelerations in the longitudinal, lateral, and 
vertical directions. However, only the longitudinal acceleration was processed and reported.  
The SLICE-2 accelerometer unit was a modular data acquisition system manufactured by 
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The acceleration sensors 
were mounted inside the body of a custom-built, SLICE 6DX event data recorder and recorded 
data at 10,000 Hz to the onboard microprocessor. The SLICE 6DX was configured with 7 GB of 
non-volatile flash memory, a range of ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 
1000) anti-aliasing filter. The “SLICEWare” computer software program and a customized 
Microsoft Excel worksheet were used to analyze and plot the accelerometer data. 
2.3.3 Retroreflective Optic Speed Trap 
The retroreflective optic speed trap was used to determine the speed of the bogie vehicle 
before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals, 
were applied to the side of the bogie vehicle. When the emitted beam of light was reflected by the 
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targets and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, 
recording at 10,000 Hz, as well as the external LED box activating the LED flashes. The speed 
was then calculated using the spacing between the retroreflective targets and the time between the 
signals. LED lights and high-speed digital video analysis are only used as a backup in the event 
that vehicle speeds cannot be determined from the electronic data. 
2.3.4 Digital Photography 
A combination of one AOS high-speed digital video camera and multiple GoPro digital 
video cameras were used to document each test. In test no. MWPFP-22, six GoPro digital video 
cameras were used, while five were used in test no. MWPFP-23. In test nos. MWPFP-24 through 
MWFPF-26, four GoPro video cameras were used. The AOS high-speed camera had a frame rate 
of 500 frames per second, and the GoPro video cameras had a frame rate of 120 or 240 frames per 
second. Two cameras - one AOS and one GoPro - were placed laterally away from the post, with 
a view perpendicular to the bogie’s direction of travel. The remaining cameras were placed at 
various locations on and around the bogie - two cameras with view of the bogie’s floor pan and 
the remainder placed with a view of the posts. A Nikon digital still camera was also used to 
document pre- and post-test conditions for all tests. 
2.4 Data Processing 
The electronic accelerometer data obtained in dynamic testing was filtered using the SAE 
Class 60 Butterworth filter conforming to the SAE J211/1 specifications [8]. The pertinent 
acceleration signal was extracted from the bulk of the data signals. The processed acceleration data 
was then multiplied by the mass of the bogie to get the impact force using Newton’s Second Law. 
Next, the acceleration trace was integrated to find the change in velocity versus time. Initial 
velocity of the bogie, calculated from the retroreflective optic speed trap data, was then used to 
determine the bogie velocity, and the calculated velocity trace was integrated to find the bogie’s 
displacement. This displacement is also the displacement of the post. Combining the previous 
results, a force vs. deflection curve was plotted for each test. Finally, integration of the force vs. 
deflection curve provided the energy vs. deflection curve for each test. 
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3 DYNAMIC COMPONENT TESTING RESULTS AND DISCUSSION 
3.1 Results 
A total of five dynamic component tests were conducted on modified versions of the MWP 
with the simulated vehicle floor pan bogie to evaluate floor pan tearing mitigation. These tests 
were conducted with two posts in series. The two posts were spaced such that the bogie vehicle 
would only be in contact with one post at a time. A summary of each bogie test, including 
sequential and post-test photographs, is provided in the following sections. The accelerometer data 
for each test was processed in order to obtain force vs. deflection and energy vs. deflection curves. 
Detailed accelerometer results for each test are provided in Appendix C.  
3.1.1 Test No. MWPFP-22 
Test no. MWPFP-22 was conducted on MWPs with ¾-in. (19-mm) diameter weakening 
holes in the weak-axis flanges at the groundline and a 6-in. (152-mm) long steel tube cap mounted 
at the top of the posts. The cap was fabricated from a 3½-in. x 2½-in. x 3/16-in. (89-mm x 64-mm 
x 5-mm) ASTM A500 Grade B steel tube. A ½-in. (13-mm) diameter by 4-in. (102-mm) long SAE 
J429 Grade 5 bolt and an SAE J995 Grade 5 nut were used to connect the cap to the post. The bolt 
was located 5 in. (127 mm) down from the top of the cap and 3-5/8 in. (92 mm) down from the top 
of the post. The posts were installed in 18-in. (457-mm) diameter holes filled with MASH 2016 
strong soil with a 0-degree orientation angle, thus creating an impact about the post’s weak axis of 
bending. During test no. MWPFP-22, the bogie impacted the first post at a speed of 26.0 mph (41.8 
km/h). The bogie impacted the second post at 0.222 seconds and caused similar deformation as 
observed in the first post. The bogie overrode both posts.  
The posts were bent plastically near the ground line, and tearing was found in both posts, 
as shown in Figure 25. The tears initiated from the weakening holes on the impact side of the posts 
and extended into the webs and adjacent flanges. Contact marks were found on the top half of the 
posts and on the steel tube cap. The top corners of both posts left creasing on the bottom side of 
the simulated floor pan. Creasing was found in both the front and rear bays of the simulated floor 
pan, as shown in Figure 26. The cap used in test no. MWPFP-22 was not as tight of a fit as desired 
due to the use of a standard HSS tube size that was available. Consequently, extensive snagging 
of the cap on the underside of the bogie vehicle occurred during test no. MWPFP-22. 
Force vs. deflection and energy vs. deflection curves were created from the accelerometer 
data. Additionally, the high-speed video was analyzed to determine the times when the bogie 
overrode each post, the posts contacted the simulated floor pan, and the posts lost contact with the 
bogie vehicle. Results from the data and video analysis are shown in Figure 27. The peak impact 
loads and absorbed energies were relatively constant between the two posts.
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            0.120 sec 
 
           0.240 sec 
 
         0.360 sec 
 
         0.480 sec 
 
 0.600 sec 
Figure 25. Time-Sequential and Post-Impact Photographs, Test No. MWPFP-22 
Post #1 
Post #2 
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 Figure 26. Simulated Floor Pan Damage, Test No. MWPFP-22 
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(a) 
 
(b) 
Figure 27. (a) Force vs. Deflection and (b) Energy vs. Deflection, Test No. MWPFP-22 
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3.1.2 Test No. MWPFP-23 
Test no. MWPFP-23 was conducted on MWPs with steel plate edge protectors mounted to 
the top of the posts to protect the floor pan from the free edges of the posts. Each plate was 2⅛-in. 
x 1⅜-in. x 7-gauge (54-mm x 35-mm x 5-mm) and fabricated by bending a hot-rolled ASTM 
A1011 HSLA Grade 50 steel plate. A ⅜-in. (10-mm) diameter by 4-in. (102-mm) long SAE J429 
Grade 5 bolt and an SAE J995 Grade 5 nut were used to connect the caps to the post. The bolt was 
located 3 in. (76 mm) down from the top of the cap and 1⅝ in. (41 mm) down from the top of the 
post. The posts were installed in an 18-in. (457-mm) diameter hole filled with MASH 2016 strong 
soil with a 0-degree orientation angle, thus creating an impact about the post’s weak axis of 
bending. During test no. MWPFP-23, the bogie impacted the first post at a speed of 25.9 mph (41.7 
km/h). The bogie impacted the second post at 0.232 seconds and overrode both posts.  
Sequential and post damage photographs are shown in Figure 28. The posts were bent 
plastically near the ground line, and the top corners of both posts left moderate creasing on the 
bottom of the simulated floor pan as well as tearing at the rear of the simulated floor pan. During 
test no. MWPFP-23, one side of the cap snagged on the underside of the bogie and the connection 
bolt sheared. After the cap disengaged and exposed the post edges, a tear formed in the simulated 
floorboard. The simulated floor pan damage is shown in Figure 29.  
Force vs. deflection and energy vs. deflection curves were created from the accelerometer 
data. Additionally, the high-speed video was analyzed to determine the times when the bogie 
overrode each post, the posts contacted the simulated floor pan, and the posts lost contact with the 
bogie vehicle. Results from the data and video analysis are shown in Figure 30. The peak impact 
loads and absorbed energies were relatively constant between the two posts.
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Figure 28. Time-Sequential and Post-Impact Photographs, Test No. MWPFP-23 
Post #1 Post #2 
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Figure 29. Simulated Floor Pan Damage, Test No. MWPFP-23 
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Figure 30. (a) Force vs. Deflection and (b) Energy vs. Deflection, Test No. MWPFP-23 
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3.1.3 Test No. MWPFP-24 
Test no. MWPFP-24 was conducted on MWPs with steel plate edge protectors mounted to 
the top of the posts. Upon review of the test results, it was believed that placing the hole in the 
center of the cap allowed it to rotate slightly, causing a gap to form at the bottom of the cap which 
allowed the snagging. Therefore, shifting the hole for the connection bolt down would help 
eliminate the rotation of the cap. Each plate was 2⅛-in. x 1⅜-in. x 7-gauge (54-mm x 35-mm x 5-
mm) and fabricated by bending a hot-rolled ASTM A1011 HSLA Grade 50 steel plate. A ⅜-in. 
(10-mm) diameter by 4-in. (102-mm) long SAE J429 Grade 5 bolt and an SAE J995 Grade 5 nut 
were used to connect the caps to the post. The bolt was located 4 in. (102 mm) down from the top 
of the cap and 2⅝ in. (67 mm) down from the top of the post.  
The posts were installed in 8-in. (203-mm) diameter holes cored into the tarmac. The holes 
were then backfilled with the MASH strong soil. The posts were embedded with a 0-degree 
orientation angle, thus creating an impact about the post’s weak axis of bending. During test no. 
MWPFP-24, the bogie impacted the first MWP at a speed of 27.2 mph (43.8 km/h). The bogie 
then impacted the second post at 0.214 seconds. The bogie overrode both posts.  
Sequential and post damage photographs are shown in Figure 31. The posts were bent 
plastically near the ground line, and the top corners of both posts left minor creasing on the bottom 
of the simulated floor pan, as shown in Figure 32. During the test, the edge protector retainer bolt 
for post no. 2 sheared upon impact with the second floor pan’s horizontal member, which allowed 
both edge protectors to disengage. This disengagement allowed the posts’ free edges to impact the 
bogie floor pan, but did not cause tearing.  
Force vs. deflection and energy vs. deflection curves were created from the accelerometer 
data. Additionally, the high-speed video was analyzed to determine the times when the bogie 
overrode each post, the posts contacted the simulated floor pan, and the posts lost contact with the 
bogie vehicle. Results from the data and video analysis are shown in Figure 33. The recorded loads 
were lower for the bogie impact with the second post. This finding was likely due to a combination 
of a reduced impact velocity and a higher impact point on the second post. The reduced impact 
velocity resulted from the energy absorbed by the impact with the first post, while the higher 
impact point was caused by the bogie pitching upward as it overrode the first post. 
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Figure 31. Time-Sequential and Post-Impact Photographs, Test No. MWPFP-24 
Post #1 Post #2 
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Figure 32. Simulated Floor Pan Damage, Test No. MWPFP-24
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Figure 33. (a) Force vs. Deflection and (b) Energy vs. Deflection, Test No. MWPFP-24 
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3.1.4 Test No. MWPFP-25 
Test no. MWPFP-25 was conducted on MWPs with ¾-in. (19-mm) diameter weakening 
holes in the weak-axis flanges at the groundline and steel plate edge protectors mounted at the top 
of the posts. Similar to test no. MWPFP-24, the edge protector connection bolt was located 4 in. 
(102 mm) down from the top of the cap and 2⅝ in. (67 mm) down from the top of the post. The 
posts were installed in 8-in. (203-mm) diameter rigid sleeves that were backfilled with MASH 
2016 strong soil. The posts were embedded with a 0-degree orientation angle, thus creating an 
impact about the post’s weak axis of bending. During test no. MWPFP-25, the bogie impacted the 
first MWP at a speed of 27.4 mph (44.1 km/h). The bogie then impacted the second post at 0.210 
seconds. The bogie overrode both posts.  
Sequential and post damage photographs are shown in Figure 34. The posts were bent 
plastically near the groundline, and tearing was found in both posts. The tears initiated from the 
weakening holes on the impact side of the posts and extended into the webs and adjacent flanges. 
The tears initiated from the weakening holes on the impact side of the posts and extended into the 
webs and adjacent flanges. Contact marks were found on the top half of the posts and on the edge 
protectors. Minor creasing was found in both the front and rear bays of the simulated floor pan, as 
shown in Figure 35. In test no. MWPFP-25, minor snagging of the cap occurred on the underside 
of the bogie vehicle. Moreover, in reviewing the hardware after the test, the connection bolt had 
bent slightly. 
Force vs. deflection and energy vs. deflection curves were created from the accelerometer 
data. Additionally, the high-speed video was analyzed to determine the times when the bogie 
overrode each post, the posts contacted the simulated floor pan, and the posts lost contact with the 
bogie vehicle. Results from the data and video analysis are shown in Figure 36. The peak impact 
loads and absorbed energies were relatively constant between the two posts. 
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Figure 34. Time-Sequential and Post-Impact Photographs, Test No. MWPFP-25 
Post #1 
Post #2 
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Figure 35. Simulated Floor Pan Damage, Test No. MWPFP-25
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(a) 
 
(b) 
Figure 36. Force vs. Deflection and Energy vs. Deflection, Test No. MWPFP-25 
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3.1.5 Test No. MWPFP-26 
The test setup for test no. MWPFP-26 was identical to test no. MWPFP-25 apart from the 
impact orientation, which was targeted at -25 degrees for test no. MWPFP-26. Since bolt bending 
was seen in test no. MWPFP-25, the size of the edge protector connection bolt was increased in 
test no. MWPFP-26. Consequently, the bolt size was increased to a ½-in. (13-mm) diameter by 4-
in. (102-mm) long SAE J429 Grade 5 bolt and a SAE J995 Grade 5 nut.  
The posts were installed in 8-in. (203-mm) diameter rigid sleeves, which were backfilled 
with MASH 2016 strong soil. The posts were embedded with a -25-degree orientation angle 
matching the impact angle in MASH 2016 if the cable barrier system were installed on the roadside 
as opposed to the median. During the test, the bogie impacted the first post at a speed of 26.7 mph 
(43.0 km/h).  The bogie then impacted the second post at 0.212 seconds. The bogie overrode both 
posts.  
Sequential and post damage photographs are shown in Figure 37. The posts were bent 
plastically near the groundline, and tearing was found in both posts. The tears initiated from the 
weakening holes on the impact side of the posts and extended into the webs and adjacent flanges. 
Contact marks were found on the top half of the posts and on the edge protectors. Minor creasing 
was found in both the front and rear bays of the simulated floor pan, as shown in Figure 38. In 
addition, snagging of the cap on the underside of the bogie vehicle was reduced and connection 
bolt bending was eliminated. 
Force vs. deflection and energy vs. deflection curves were created from the accelerometer 
data. Additionally, the high-speed video was analyzed to determine the times when the bogie 
overrode each post, the posts contacted the simulated floor pan, and the posts lost contact with the 
bogie vehicle. Results from the data and video analysis are shown in Figure 39. The peak impact 
loads and absorbed energies were relatively constant between the two posts. 
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Figure 37. Time-Sequential and Post-Impact Photographs, Test No. MWPFP-26 
Post #1 Post #2 
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Figure 38. Simulated Floor Pan Damage, Test No. MWPFP-26
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(a) 
 
(b) 
Figure 39. (a) Force vs. Deflection and (b) Energy vs. Deflection, Test No. MWPFP-26 
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3.2 Discussion 
A total of five dynamic component tests utilizing a bogie vehicle with a simulated floor 
pan were conducted on modified configurations of the MWP. The tests were conducted to 
investigate methods to mitigate floor pan tearing observed during full-scale vehicle crash tests of 
a prototype, non-proprietary, high-tension cable median barrier. The results from the bogie testing 
matrix are summarized in Table 2. The bogie impact speed was relatively consistent throughout 
the testing matrix as the impact velocity varied between 25.9 and 27.4 mph (41.7 and 44.1 km/h). 
The first test, test no. MWPFP-22, was conducted on MWPs weakened with ¾-in. (19-
mm) diameter holes. The posts were oriented at 0 degrees with a 6-in. (152-mm) long, 3½-in. x 
2½-in. x 3/16-in. (89-mm x 64-mm x 5-mm) thick steel tube cap affixed to the top of the posts to 
prevent tearing of vehicle undercarriage. During test no. MWPFP-22, the floor pan damage 
consisted of creasing, and post damage consisted of bending and tearing.  
Test nos. MWPFP-23 and MWPFP-24 were conducted on MWPs with steel plate edge 
protectors mounted to the top of the posts. In test no. MWPFP-23, the posts were installed in an 
18-in. (457-mm) diameter hole filled with MASH 2016 strong soil with a 0-degree orientation 
angle. In test no. MWPFP-24, the posts were installed in an 8-in. (203-mm) diameter rigid sleeve 
with a 0-degree orientation angle. In both tests, the edge protector connection bolt sheared and 
allowed the posts’ free edges to contact the simulated floor pan. However, the edge protector 
disengagement caused floor pan tearing in only one test, test no. MWPFP-23.  
Test nos. MWPFP-25 and MWPFP-26 were conducted on MWPs with ¾-in. (19-mm) 
diameter weakening holes at the groundline and edge protectors affixed to the top of the posts. In 
test no. MWPFP-25, the posts were oriented at 0 degrees, whereas in test no. MWPFP-26, the posts 
were oriented at -25 degrees. In both tests, the posts bent and tore at the groundline, and contact 
marks were found on the edge protectors. During both tests, the simulated floor pan was creased 
from the contact with the edge protectors.  
Dynamic component testing results illustrated that both edge protectors and groundline 
weakening holes in the MWP significantly decreased the propensity for floor pan tearing in the 
bogie vehicle. However, the cap used in test no. MWPFP-22 was not as tight of a fit as desired due 
to the use of a standard HSS tube size that was available. Consequently, extensive snagging of the 
cap on the underside of the bogie vehicle occurred during test no. MWPFP-22. In test nos. 
MWPFP-23 and MWPFP-24, the edge protector connection bolts sheared due to the bolt impacting 
the cross member of the bogie vehicle, which would not be expected in full-scale crash testing 
with the 1100C vehicle.  
It is believed that the edge protectors consisting of two U-shaped bent plates bolted to the 
weakened MWP with a ½-in. (13-mm) diameter through bolt placed at 4 in. (102 mm) down from 
the top of the cap and 2⅝ in. (67 mm) down from the top of the weakened MWP could eliminate 
the floor pan tearing. It should be noted that a tube of similar shape could also reduce the propensity 
for floor pan tearing. Therefore, a combination of weakening holes and edge protectors using steel 
bent plates at top of the MWP was recommended for further evaluation through full-scale vehicle 
crash testing. 
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Table 2. Component Testing Summary, Floor Pan Tearing Evaluation, Test Nos. MWPFP-22 through MWPFP-26 
NA – Not Applicable 
Test 
Modified Midwest Weak Post Impact Conditions  
Cap 
Damage 
Post 
Damage 
Floorboard Damage 
Modifications to Post 
Speed 
mph  
(km/h) 
Height 
in. 
(mm)  
Angle 
(deg.) 
Front Bay Rear Bay Top 
Radius 
in. (mm) 
Cap 
Groundline 
Holes  
in. 
(mm) 
MWPFP-22 
⅝  
(16) 
Steel tube cap 
bolt 5 in. (127 mm) 
from top of cap Ø½ in.  
(13 mm) connection 
bolt 
Ø¾  
(19)  
26.0 
 (41.9) 
12  
(305) 
0 Snagging 
Bending, 
tearing 
4 short 
creases  
2 short 
creases  
MWPFP-23 ⅝ (16) 
U-plates 
⅛ in. (3 mm) off post, 
bolt 3 in. (76 mm) from 
top of cap, Ø⅜ in. (10 
mm) connection bolt 
NA 
25.9  
(41.7) 
12  
(305) 
0 
U-plate 
removed 
by bolt 
shear,  
Contact 
marks 
Bending 
4 short 
creases  
2 long 
creases  
4 short 
creases  
1 short tear  
2 long 
creases  
MWPFP-24 ⅝ (16) 
U-plates 
⅛ in. (3 mm) off post, 
bolt 4 in. (102 mm) 
from top of cap, Ø⅜ in. 
(10 mm) connection 
bolt 
NA 
27.2  
(43.7) 
12  
(305) 
0 
U-plate 
removed 
by bolt 
shear,  
Contact 
marks 
Bending 
3 short 
creases  
3 long 
creases  
4 short 
creases  
3 long 
creases  
MWPFP-25 ⅝ (16) 
U-plates 
⅛ in. (3 mm) off post, 
bolt 4 in. (102 mm) 
from top of cap, Ø⅜ in. 
(10 mm) connection 
bolt 
Ø¾  
(19)  
 
27.4 
 (44.1) 
12  
(305) 
0 
Contact 
marks 
Bending, 
tearing 
4 short 
creases  
None 
MWPFP-26 ⅝ (16) 
U-plates 
⅛ in. (3 mm) off post, 
bolt 4 in. (102 mm) 
from top of cap, Ø½ in. 
(10 mm) connection 
bolt 
Ø¾  
(19)  
26.7 
 (42.9) 
12  
(305) 
-25 
Contact 
marks 
Bending, 
tearing 
2 short 
creases  
None 
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4 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The objective of this research study was to investigate design modifications, including post 
weakening mechanisms and edge protectors, as potential techniques to mitigate floor pan tearing 
and occupant compartment penetration for the prototype cable barrier system. The design 
modifications were evaluated through dynamic component testing using a bogie vehicle equipped 
with a simulated small car floor pan. 
A total of five dynamic component tests were conducted on a series of two MWPs spaced 
8 ft (2.4 m) apart and offset 4¼ in.  (108 mm) from each other with a targeted impact speed of 25 
mph (40 km/h). Testing of the MWPs weakened with ¾-in. (19-mm) diameter holes and a steel 
tube cap mounted at the top of the post resulted in minor creasing of the floor pan. The cap was 
not as tight of a fit as desired due to the use of a standard HSS tube size that was available. 
Consequently, extensive snagging of the cap on the underside of the bogie vehicle occurred. 
Dynamic component testing was continued with two simulated floor pan tests on the MWP 
with steel plate edge protectors mounted to the top of the posts. In both tests, the edge protector 
connection bolts sheared due to the bolt impacting the cross member of the bogie vehicle. The 
disengagement of the edge protectors allowed the posts’ free edges to contact the simulated floor 
pan in both tests. However, tearing of the floor pan and penetration into occupant compartment 
occurred in only one test, test no. MWPFP-23. 
Another two dynamic component tests were conducted on the MWP with ¾-in. (19-mm) 
diameter weakening holes and steel plate edge protectors mounted to the top of the posts. Minor 
creasing was found in both the front and rear bays of the simulated floor pan for impact angles of 
both 0 and -25 degrees.  
Dynamic component testing results illustrated that both edge protectors and groundline 
weakening holes in the MWP significantly decreased the propensity for floor pan tearing and 
occupant compartment penetration of the bogie vehicle. In two tests, the edge protectors 
disengaged due to the retainer bolts shearing after impacting the cross member of the bogie vehicle 
with simulated floor pan. This phenomenon would not be expected in full-scale crash testing with 
the 1100C vehicle. Therefore, it was recommended that the MWP be modified with a combination 
of groundline weakening holes and top of post edge protectors to prevent floor pan tearing during 
future testing and development of the prototype cable median barrier system.
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Appendix A. Bogie Floor Pan Drawings 
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Figure A-1. Bogie with Floor Pan, Test Nos. MWPFP-22 through MWPFP-26 
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Figure A-2. Floor Pan Assembly, Test Nos. MWPFP-22 through MWPFP-26 
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Figure A-3. Floor Pan Weld Detail, Test Nos. MWPFP-22 through MWPFP-26 
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Figure A-4. Floor Pan Details, Test Nos. MWPFP-22 through MWPFP-26 
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Figure A-5. Floor Pan Components, Test Nos. MWPFP-22 through MWPFP-26 
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Figure A-6. Floor Pan Components, Test Nos. MWPFP-22 through MWPFP-26 
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Figure A-7. Hardware Details, Test Nos. MWPFP-22 through MWPFP-26 
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Appendix B. Material Specifications 
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Table A-1. Bill of Materials, Test Nos. MWPFP-22 through MWPFP-26 
Item No. Description Material Specification References 
a1 
3"x1-3/4"x7 Gauge [76x44x4.6] 
x 80" [2032] Long Bent Z-
Section Post 
Hot-Rolled ASTM 
A1011 HSLA Gr. 50 
H#438314 
a2 
3 1/2" [89] x 2 1/2" [64] x 3/16" 
[5] x 6" [152] Long Steel Tube 
ASTM A500 Grade B  H#542296 
a3 24-Gauge [0.6-mm] Sheet Steel ASTM A653 H#2410835 
a4 ½-in. [13-mm] Hex Nuts ASTM A563 DH H#331508621 
a5  ½-in. [13-mm] Hex Bolts 
ASTM A449 or 
ASTM A325 
H#321505784 
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Figure B-1. Midwest Weak Posts, Test Nos. MWPFP-22 through MWPFP-26 
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Figure B-2. 3½-in. x 2½-in. x 3/16-in. (89-mm x 64-mm x 5-mm) Tube, Test Nos. MWPFP-22 
through MWPFP-26 
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Figure B-3. 24-Gauge (0.6-mm) Sheet Steel for Simulated Floor pan, Test Nos. MWPFP-22 
through MWPFP-26 
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Figure B-4. ½-in. (13-mm) Nuts, Test Nos. MWPFP-22 through MWPFP-26 
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Figure B-5. ½-in. (13-mm) Bolts, Test Nos. MWPFP-22 through MWPFP-26 
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Appendix C. Bogie Test Results 
The results of the recorded data from each accelerometer for every dynamic bogie test are 
provided in the summary sheets found in this appendix. Summary sheets include acceleration, 
velocity, and deflection vs. time plots as well as force vs. deflection and energy vs. deflection plots. 
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Figure C-1. Test No. MWPFP-22 Results (SLICE-2)
Test Results Summary
Test Description: Event Duration: 0.7020  sec
Test Number: MWPFP-22 Max. Deflection: 285.1  in.
Test Date: 3/22/2016 Peak Force: 10.6  k
Failure Type: Initial Linear Stiffness: 2.3  k/in.
Total Energy: 191.0  k-in.
Post Properties
Post Type: @ 5" @ 10" @ 15" @20"
Post Size: 6.78 6.03 4.20 3.10
Post Length: 33.9 60.3 62.9 61.9
Embedment Depth:
Orientation: 0°
Soil Properties
Gradation:
Moisture Content: NA
Compaction Method:
Impact Velocity: 26.02 mph (38.17 ft/s)
Impact Height:
Bogie Mass: 2410 lb
Accelerometer:
Camera Data:
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Figure C-2. Test No. MWPFP-23 Results (SLICE-2) 
Test Results Summary
Test Description: Event Duration: 0.6760  sec
Test Number: MWPFP-24 Max. Deflection: 279.6  in.
Test Date: 4/27/2016 Peak Force: 10.5  k
Failure Type: Initial Linear Stiffness: 1.9  k/in.
Total Energy: 258.4  k-in.
Post Properties
Post Type: @ 5" @ 10" @ 15" @20"
Post Size: 7.12 7.13 4.97 3.98
Post Length: 35.6 71.3 74.5 79.6
Embedment Depth:
Orientation:
Soil Properties
Gradation:
Moisture Content:
Compaction Method:
Impact Velocity: 27.16 mph (39.84 ft/s)
Impact Height:
Bogie Mass: 2410 lb
Accelerometer:
Camera Data: GoPros, AOS-8 perpendicular
12"
SLICE-2
Bogie Test Summary
MIDWEST ROADSIDE SAFETY FACILITY
Test Information
U-Shaped Plates (cap)
cap bolt sheared on heavy cross member
MWP Post Material
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76.625"
42"
0°
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Figure C-3. Test No. MWPFP-24 Results (SLICE-2) 
Test Results Summary
Test Description: Event Duration: 0.6760  sec
Test Number: MWPFP-24 Max. Deflection: 279.6  in.
Test Date: 4/27/2016 Peak Force: 10.5  k
Failure Type: Initial Linear Stiffness: 1.9  k/in.
Total Energy: 258.4  k-in.
Post Properties
Post Type: @ 5" @ 10" @ 15" @20"
Post Size: 7.12 7.13 4.97 3.98
Post Length: 35.6 71.3 74.5 79.6
Embedment Depth:
Orientation:
Soil Properties
Gradation:
Moisture Content:
Compaction Method:
Impact Velocity: 27.16 mph (39.84 ft/s)
Impact Height:
Bogie Mass: 2410 lb
Accelerometer:
Camera Data:
Data Acquired
Average Force (k)
Energy (k-in.)
MASH Strong Soil
NA
SMALL HAND TAMPER
GoPros, AOS-8 perpendicular
12"
SLICE-2
Bogie Test Summary
MIDWEST ROADSIDE SAFETY FACILITY
Test Information
U-Shaped Plates (cap)
cap bolt sheared on heavy cross member
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76.625"
42"
0°
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Figure C-4. Test No. MWPFP-25 Results (SLICE-2) 
Test Results Summary
Test Description: Event Duration: 0.6485  sec
Test Number: MWPFP-25 Max. Deflection: 284.2  in.
Test Date: 5/3/2016 Peak Force: 10.4  k
Failure Type: Initial Linear Stiffness: 0.1  k/in.
Total Energy: 200.9  k-in.
Post Properties
Post Type: @ 5" @ 10" @ 15" @20"
Post Size: 6.60 6.75 4.61 3.49
Post Length: 33.0 67.5 69.2 69.9
Embedment Depth:
Orientation: 0°
Soil Properties
Gradation:
Moisture Content:
Compaction Method:
Impact Velocity: 27.38 mph (40.16 ft/s)
Impact Height:
Bogie Mass: 2410 lb
Accelerometer:
Camera Data:
Average Force (k)
Energy (k-in.)
MASH Strong Soil
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MIDWEST ROADSIDE SAFETY FACILITY
Test Information
U-Shape Plates (cap)
breakaway at groundline holes
MWP-8 TYPE POSTS
Standard MWP
79.625"
42"
Bogie Properties
Data Acquired
-4
-2
0
2
4
6
8
10
12
0 50 100 150 200 250 300
Fo
rc
e
 (
k)
Deflection (in.)
Force vs. Deflection At Impact Location
0
50
100
150
200
250
0 50 100 150 200 250 300
En
e
rg
y 
(k
-i
n
.)
Deflection (in.)
Energy vs. Deflection At Impact Location
-2
-1
0
1
2
3
4
5
0 0.2 0.4 0.6 0.8
A
cc
e
le
ra
ti
o
n
 (
g'
s)
Time (s)
Bogie Acceleration vs. Time
-10
0
10
20
30
40
50
0 0.2 0.4 0.6 0.8
V
e
lo
ci
ty
 (
ft
/s
)
Time (s)
Bogie Velocity vs. Time
0
50
100
150
200
250
300
0 0.2 0.4 0.6 0.8
D
e
fl
e
ct
io
n
 (
in
.)
Time (s)
Deflection at Impact Location vs. Time
March 30, 2018  
MwRSF Report No. TRP-03-359-18 
75 
 
Figure C-5. Test No. MWPFP-26 Results, (SLICE-2) 
 
 
Test Results Summary
Test Description: Event Duration: 0.6695  sec
Test Number: MWPFP-26 Max. Deflection: 280.7  in.
Test Date: 5/5/2016 Peak Force: 8.9  k
Failure Type: Initial Linear Stiffness: 2.2  k/in.
Total Energy: 258.7  k-in.
Post Properties
Post Type: @ 5" @ 10" @ 15" @20"
Post Size: 6.18 6.30 4.26 3.28
Post Length: 30.9 63.0 63.9 65.5
Embedment Depth:
Orientation:
Soil Properties
Gradation:
Moisture Content:
Compaction Method:
Impact Velocity: 26.67 mph (39.11 ft/s)
Impact Height:
Bogie Mass: 2410 lb
Accelerometer:
Camera Data:
Data Acquired
Average Force (k)
Energy (k-in.)
MASH Strong Soil
NA
SMALL HAND TAMPER
GoPros, AOS-8 perpendicular
12"
SLICE-2
Bogie Test Summary
MIDWEST ROADSIDE SAFETY FACILITY
Test Information
U-Shaped plates (caps) 
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